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Abstract
Objectives  To investigate the effect of different laser power settings on intra-renal temperature (IRT) under different irriga-
tion conditions during flexible ureteroscopy (FURS) in a live-anesthetized porcine model.
Methods  Following ethics approval, 2 female pigs weighing ~ 28 kg were used. Under general anesthesia, a percutaneous 
access was obtained to fix a K-type thermocouple inside the pelvi-calyceal system for real-time recording of IRT during 
FURS without UAS, UAS-10/12, UAS-12/14, and UAS-14/16F. A high-power holmium laser was used and the IRT was 
recorded during laser activation for up to 60 s at a laser power of 20 W, 40 W, and 60 W under gravity irrigation and manual 
pump irrigation.
Results  Under gravity irrigation, FURS without UAS was associated with hazardous IRT at a laser power as low as 20 W 
for as short as 20 s of laser activation. The IRT was rendered borderline when UAS was used. This UAS buffering effect 
disappeared with the use of higher laser-power settings (40 W and 60 W) with the maximal IRT exceeding 60 °C. Moreover, 
laser activation at 60 W was associated with very rapid increase in IRT within few seconds. Under pump irrigation, laser 
activation at the highest power setting (60 W) for 60 s was associated with a safe IRT, even without the use of UAS. The 
maximal IRT was below 45 °C.
Conclusion  The use of high-power Ho:YAG laser carries potentially harmful thermal effect when used under gravity irriga-
tion, even when large-diameter UAS is used. High-power settings (> 40 W) require high irrigation flow. The use of UAS is 
advisable to reduce the IRT and balance any intra-renal pressure increase.
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Abbreviations
FURS	� Flexible ureteroscopy
IRT	� Intra-renal temperature
IRTmax	� Maximal intra-renal temperature

RIRS	� Retrograde intra-renal surgery
UAS	� Ureteral access sheath
Ho:YAG​	� Holmium:yttrium–aluminum–garnet

Introduction

The advances in laser technology and miniaturization of 
instruments lowered the invasiveness of ureteroscopy and 
pushed it to occupy a leading role in the management of 
most ureteral and renal calculi [1, 2]. Holmium (Ho:YAG) is 
so far considered the gold standard modality for lithotripsy 
through the wide variety of characteristics that provide the 
ability to perform dusting, popcorning and fragmentation 
through both photo-thermal and photo-acoustic decomposi-
tion of stones [3, 4]. The new systems with pulse modula-
tion (MOSES™ technology, Lumenis Ltd, Yokneam, Israel) 
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and high power (up to 120 W) are expected to offer bet-
ter delivery of laser energy with a potential to increasing 
efficiency of lithotripsy and decreasing stone retropulsion 
[4–6]. However, there is not enough data on the thermal 
changes within the kidney during the use of high-power 
laser. The elevation of intra-renal temperature may cause 
thermal injury that can have immediate to delayed adverse 
events. The wide range of incidence of ureteral strictures 
following lithotripsy (0.30–23.81%) gives an idea about the 
several causes that might occur intraoperatively and pass 
unnoticed; among these is the thermal injury [7]. Currently, 
there are few in vitro studies investigating the IRT resulting 
from high-power laser [8]. The current study investigated 
the effect of different laser power settings under different 
irrigation conditions during flexible ureteroscopy (FURS) in 
a live-anesthetized porcine model. The irrigation conditions 
included different configurations in terms of irrigation such 
as gravity irrigation and pump irrigation in combination with 
different access sheaths in size. Our hypothesis was that the 
use of the higher power laser settings would result in higher 
intra-renal temperatures (IRTs) and specific intra-operative 
configuration may be necessary to blunt the temperature rise.

Patients and methods

Study design

After obtaining ethics approval from the responsible state 
services, two female pigs weighing ~ 28 kg were recruited 
for this study.

Preparation of the pigs for the experiment

This was previously described in detail [9].

Operative setup and technique

The pig was put in supine position, tied to the operating 
table, and general anesthesia was initiated. The pig was 
prepped for diagnostic cystoscopy in order to identify 
the ureteral orifices and insert a 0.035 sensor guidewire 
(HiWire™ Nitinol Core Wire Guide, COOK Medical, Cook 
Ireland Ltd., Limerick, Ireland) in each kidney under fluoro-
scopic guidance. A ureteral catheter was inserted over the 
wire in the renal pelvis and retrograde pyelography took 
place. The pig was then turned to prone position, and a per-
cutaneous access was secured using 18-gauge puncture nee-
dle under fluoroscopic guidance using bull’s eye technique. 
One K-type insulated flexible metal thermocouple was fixed 
in the middle calyx of the kidney (right or left) using a cus-
tom-made configuration. This configuration consisted of 18F 
Silicon balloon nephrostomy (COOK Medical, Cook Ireland 
Ltd., Limerick, Ireland) though which the metal end of the 
thermocouple was inserted, and a 22F access sheath (Fig. 1). 
The balloon of the urethral catheter was inflated with 5 ml to 
fix the nephrostomy and the thermocouple inside the access 
sheath while providing watertight sealing of the percutane-
ous tract. The pig was then set to supine position. Insertion 
of Super stiff guidewire (Amplatz Super Stiff™, Boston Sci-
entific, Heredia, Costa Rica) through each of the ureteral 
catheters in each kidney followed. The last step facilitated 

Fig. 1   a The setup for measur-
ing of intra-renal temperature 
(IRT) during RIRS under forced 
irrigation using manual pump. 
b Measuring the IRT while 
using different size UAS. c 
Endoscopic view of the metal 
thermocouple during RIRS
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the insertion of either the ureteral access sheath (UAS) or 
the flexible ureteroscope in the course of the experiment.

Thermocouple and data logger

The thermocouple used was SE001 from (Pico Technologies, 
Cambridgeshire, UK). It has an exposed junction and 0.3-
mm twisted pair conductor and fiberglass insulated. It has a 
tip diameter of 1.5 mm and can record a temperature range 
from − 60 °C to + 350 °C (Fig. 1). The thermocouple was 
connected to a data logger (TC08, Pico Technologies, Cam-
bridgeshire, UK) for real-time temperature measurements 
(Fig. 1). The data logger has 8 channels that can support all 
popular thermocouple types and can measure temperature 
from − 270 to + 1820 °C with high resolution and accuracy. 
It can record up to 10 measurements per second and comes 
with a USB cable for connecting with laptop. In this study 
the data acquisition rate was set at 1 count/s.

Measurement of IRT

Under gravity irrigation while the bag at 1 m over the table, 
one 200 µm laser fiber (Lumenis Ltd, Yokneam, Israel) was 
activated in the center of the calyx for 60 s while perform-
ing FURS using Flex-X2 Flexible Ureteroscope (Karl Storz, 
Tüttlingen, Germany) without UAS, UAS 10/12Fr, UAS 
12/14Fr, and UAS 14/16Fr (Flexor® Ureteral Access Sheath 
with AQ® Hydrophilic Coating, COOK Medical, Cook Ire-
land Ltd., Limerick, Ireland) at a laser power of 20 W, 40 W, 
and 60 W using the Lumenis Pulse P120H holmium laser 
system (Lumenis Ltd, Yokneam, Israel) under gravity irri-
gation and manual pump irrigation. Irrigation fluid was at 
room temperature (measured at approximately 25 °C). The 
manual irrigation had a rate of 1 pump every 3 s. The cut-off 

value for a hazardous IRT max was considered 54 °C based 
on previous work [10].

Results

Gravity irrigation

FURS without the use of UAS was associated with a rise 
in IRT to hazardous values even for the lowest laser power 
(20 W) after a short period of treatment (~ 20 s). At 20 W 
power setting, the use of UAS improved the temperature evo-
lution and safe IRT values (< 54 °C) were detected during 
the whole process (Fig. 2a). Nevertheless, the positive effect 
of the UAS on IRT was eliminated for laser power equal 
to 40 W and 60 W regardless the UAS size (Figs. 2b and 
3a), i.e., when UAS 12/14 was used the maximum IRT was 
detected equal to 63.4 °C at 40 W and equal to 74.5 °C at 
60 W. It is worth noticing that as the laser power increased, 
the temperature was increasing in a faster pace. Thus, high 
temperature values exceeding the proposed safety threshold 
were detected for short periods of laser activation (< 10 s).

Manual pump irrigation

The use of the manual pump for irrigation compensated the 
temperature increase for the high-power settings. High tem-
peratures reaching the threshold of 54 °C were not noted 
regardless of the laser power setting with or without the 
presence of a UAS (Figs. 3b, 4). There was a uniform initial 
increase in the temperature and then a plateau was achieved. 
Specifically, the higher power settings (40 W and 60 W) 
were close to a highest temperature of 45° without reach-
ing it when UAS was not present (Fig. 4). The insertion of 
a UAS was related to even lower temperatures resulting in 

Fig. 2   a Activation of 200-µm laser fiber at 20 W for 60 s with the use of no UAS, UAS 10/12, UAS 12/14, and UAS 14/16 under gravity irriga-
tion. b Activation of 200-µm laser fiber at 40 W for 60 s with the use of UAS 10/12, UAS 12/14, and UAS 14/16 under gravity irrigation
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clearly safe temperatures below 40 °C in both 40 W and 
60 W settings.

Discussion

The introduction of high-power laser with a wide variety of 
settings for lithotripsy in different modalities such as frag-
mentation, popcorning and dusting, have revolutionized the 
way stones are managed and this will reflect on the indica-
tions of flexible ureteroscopy in management of urolithiasis 
in the upcoming years. However, the knowledge on the most 
appropriate settings for the safe and effective use of a high-
power laser is still lacking. The current study attempted to 
provide clues on the temperature that could develop in the 
irrigation fluid when a high-power laser is activated in an 
in vivo porcine model. Different operative configurations in 

terms of irrigation and the presence of UAS were investi-
gated in conjunction to different laser power settings.

Previous studies showed that denaturation of the urinary 
tract proteins occurs at 43 °C [11] and coagulative tissues 
necrosis happens at a temperature of 54 °C in porcine kidney 
[10]. A reference temperature of 54 °C was used for thermal 
injury. Considering the threshold, the lack of forced irriga-
tion is clearly a hazardous intraoperative configuration in 
any of the investigated power settings and should be prob-
ably avoided in the clinical setting (Fig. 2). The insertion 
of a UAS resulted in IRTs above 45 °C for the 10/12Fr and 
12/14Fr UASs while the use of 14/16Fr UAS exhibited IRTs 
marginally reaching the 43 °C margin which could be related 
to the initiation of tissue damage (Fig. 2a). The 40 W and 
60 W settings produce significantly more heat which result 
in rapid development of high temperatures even when a UAS 
is present. It seems that any effect in the improvement of 

Fig. 3   a Activation of 200-µm laser fiber under gravity irrigation at 20, 40, and 60 W for 60 s with the use of UAS 12/14. b Activation of 200-
µm laser fiber under pump irrigation at 20, 40, and 60 W for 60 s with the use of UAS 12/14

Fig. 4   a Activation of 200 µm laser fiber at 40 W for 60 s with the use of no UAS, UAS 10/12, UAS 12/14, and UAS 14/16 under pump irriga-
tion. b Activation of 200-µm laser fiber at 60 W 60 s with the use of no UAS, UAS 10/12, UAS 12/14, and UAS 14/16 under pump irrigation
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the irrigation rate is diminished by the increased production 
of heat. Thus, gravity irrigation in combination with power 
settings higher than 20 W could not be recommended even 
when a UAS is present (Figs. 2b, 3a).

The correlation of irrigation conditions and temperature 
development during FURS has been previously investigated 
in vitro [8, 12, 13]. In a study by Winship et al. a model sim-
ulating the normal ureter and renal pelvis was used for per-
forming FURS with UAS 11/13F with antegrade irrigation 
flow. The thermocouple was put close to a 365-μm laser fiber 
activated for 45 s at a power 3.6 W, 6.4 W, 10 W, 16 W and 
20 W, using irrigation pressures of 0, 100, 200 mmHg. The 
recorded temperature exceeded 43 °C under irrigation pres-
sure of 200 mmHg while using laser power of 10 W for 15 s, 
16 W for 3 s, and 20 W for 2 s. Furthermore, the tempera-
ture exceeded the threshold during almost all power settings 
under irrigation pressure of 100 and 0 mmHg. Despite the 
limitations of study, it emphasized the fact that the higher 
the laser power the higher the IRT and the higher the irriga-
tion pressure the lower the IRT [12].

In another study, three in vitro tissue models simulating 
the renal calyx, pelvis, and the ureter were created and used 
for recording the IRT with laser power settings between 5 
and 40 W. The irrigation flow rates ranged between 0 and 
40 mL/min. The investigation showed that the higher laser 
power corresponds to higher the IRT and higher irrigation 
pressure to lower IRT [13]. A study in the same topic has 
been also reported by Hein et al. The authors used a post-
mortem porcine kidney placed in a 37 °C water bath as a 
model to measure thermal changes during FURS at Ho:YAG 
laser power settings between 5 and 100 W under various 
irrigation rates (0–100 mL/min) using thermocouple placed 
near the laser fiber. Potentially harmful thermal changes can 
be reached with insufficient irrigation and they devised the 
following formula to calculate the approximate ΔT for irri-
gation rates ≥ 30 ml/min: “ΔT = 15 K × (power [W]/irriga-
tion [ml/min])” [14].

Despite our previous in vivo study revealing that the 
Ho:YAG laser at a power of 10 W and 20 W did not correlate 
to hazardous rises of IRT in porcine model [15], the cur-
rent study proves the importance of pump irrigation to cool 
down IRT when a high-power Ho:YAG laser is used. The 
combined effect of the laser power and the irrigation mode 
is illustrated in Fig. 3. In the figure, the evolution of the IRT 
is plotted for different laser power settings under gravity 
irrigation (Fig. 3a) and under pump irrigation (Fig. 3b) with 
the presence of a 12/14Fr UAS, which is a commonly used 
UAS for FURS. Under gravity irrigation the IRT reaches 
hazardous values at 40 W and 60 W after a short period of 
treatment (30 s for 40 W and 5 s for 60 W). Under forced 
irrigation, the IRT remains within safe limits even after pro-
longed treatments (60 s). The forced irrigation maintains 
safe IRTs even after 60 s of continuous activation regardless 

the size of the UAS (Fig. 4) and the laser power. It should 
be noted that there is a trend for higher IRTs as the laser 
power setting increases without exceeding the safety limits. 
Moreover, larger UASs seem to be related with lower IRTs. 
These results are in agreement with a recent in vivo study 
in the porcine model [6]. The activation of Ho:YAG laser at 
a power of 40 W was associated with IRT of 84.8 °C with-
out irrigation, 63.9 °C under medium irrigation and 43.6 °C 
under high irrigation. Forced irrigation is not unrelated to 
adverse events, the rise in intra-renal pressure during pump 
irrigation might expose the patients to a higher risk of post-
operative fever and sepsis [9, 16–18]. The use of a UAS is 
related to better irrigation condition and reduction of intra-
renal pressures [16, 19]. Considering the above, it could be 
advocated that forced irrigation is mandatory when power 
settings above 40 W are going to be used intra-operatively 
and the use of a UAS could be strongly recommended for 
optimal safety conditions.

To our knowledge, this is the first in vivo study investigat-
ing the IRT during FURS under a variety of different laser 
power settings and intra-operative configurations. Nonethe-
less, limitations of the study are present. First, it is difficult 
to keep the laser fiber at the same distance from the thermo-
couple all the time. An anesthetized pig in mechanical ven-
tilation represents a dynamic configuration which is closer 
to the clinical setting than any in vitro or ex vivo model 
and could be related with minor fluctuations in the real-time 
measurements. The repeated measurements showed consist-
ent effects and the results should be considered as reliable. 
Second, it is not expected to extend the laser activation for 
60 s in real clinical practice. Especially, the use of high-
power settings (over 40 W) in the clinical practice is related 
to dust production which significantly compromises the 
intra-operative visibility and consequently results in paus-
ing of laser activation. The authors could advocate that this 
phenomenon would further contribute to the reduction of 
IRT. Third, the laser was not activated in stone. It could 
be expected that fragmentation of the stone could result in 
adsorption of energy by the stone and less energy dispersion 
in the irrigation fluid. As a result, the IRT could have been 
lower with concomitant stone fragmentation. Thus, the cur-
rent results probably represent the worst-case scenario for 
high-power holmium laser lithotripsy in each of the investi-
gated operative configurations.

On the contrary, this study enjoys several strengths such 
as the experimental scenarios were very close to the clinical 
scenarios using the same instruments within the same envi-
ronment. The heatsink effect of renal blood flow is present in 
a live, anesthetized pig. Moreover, the use of very sensitive 
flexible metal thermocouples within the custom-made mode 
to keep the thermocouple fixed all time during the experi-
ment gives credibility to our data. Although any experimen-
tal setting is related to limitations, the current study provides 
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necessary information for the safe use of new technologies 
employed in the everyday urological practice.

Conclusion

The use of high-power Ho:YAG laser carries potentially 
harmful thermal effect when used under gravity irrigation, 
even when large-diameter UAS is used. High-power settings 
(> 40 W) of the laser require high irrigation flow which can 
be achieved by a manual pump. The use of a UAS is also 
advisable to reduce the IRT and to balance any intra-renal 
pressure increase.
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